Abstract Of the metal ions in tap, Nile, waste and sea water samples and some ores were carried out. Removal of heavy metal ions such as Fe(III), Cd(II), Zn(II), Cu(II), Mn(II), Mg(II), and Pb(II) from water and wastewater is obligatory in order to avoid water pollution. Batch shaking adsorption experiments to evaluate the performance of nitric and hydrochloric acid solutions in the removal of metal ions by cation exchange resin at the same conditions for both, such as the effect of initial metal ion concentration, different proportions of some organic solvents, H + -ion concentrations and reaction temperature on the partition coefficients. The metal adsorption for the cation exchanger was found to be significant in different media for both nitric and hydrochloric acids, i.e., the adsorption up take of metal ions presented in this work is very significant depending on the characteristics of ions and on the external concentrations of solute. The presence of low ionic strength or low concentration of acids does have a significant adsorption of metal ions on ion-exchange resin. The results show that the ion exchanger could be employed for the preconcentration, separation and the determination. 
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Introduction
Heavy metal ions are very toxic elements present in waste waters from different industrial sources (Phillips et al., 2007; Wan Ngah and Hanafiah, 2008; O'Connell et al., 2008; Srivastava et al., 2009; Gode and Pehlivan, 2006) . Increasing presence of heavy metals in water stream, tap water and ground water is a very dangerous environmental concern (Vaughan et al., 2004; Lin and Juong, 2000; Karthikeyan et al., 2005; Kendu¨-zler et al., 2006; Apiratkul and Pavasant, 2008) . For this purpose, there is a persistence need to remove heavy elements from industrial sewage and other pollution sources (Erdem et al., 2004) . Many investigations obtained various technologies for eliminating of pollutants, via, adsorption on activated carbon, chemical precipitation, coagulation and ion exchange resin. Among of these methods, ion exchange resin which is found to be the best for removal of metal ions because of its relative simplicity of application, non-corrosive, simple regenerations and could be used several times. This is a continuous research into specially absorbents using synthetic ion exchange resin that facilitate cheap and effective chemical regeneration process (Lakshmi and Srinivasan, 2004; Wang and Joing, 2007) .
The aim of this work is to investigate the performance of Dowex HYRW 2 -Na Polisher cation exchange resin as solidphase extractor in removing of Cu(II), Zn(II), Mg(II), Fe(III), Mn(II), Cd(II) and Pb(II) from aqueous medium. Tests were conducted to determine the adsorption coefficient of these metal ions from other different media. The parameters that influenced the adsorption coefficient, such as initial metal ion concentration, acid concentration and different organic solvents in different proportions were investigated. The organic solvents that have been used are: THF, DMSO, isopropyl alcohol and acetone, to enhance the sorption capacity of adsorbent toward heavy metal ions. Also, competitive adsorption of coexisting binary-metals onto the resin was studied based on the adsorption coefficient data for possible separation using column chromatography techniques.
Experimental

Materials and methods
All reagents were of analytical grade and all solutions were prepared using distilled-water. The laboratory glassware was kept overnight in a chromic acid solution. It was rinsed thoroughly with water several times (tap water) and followed with distilled water and then, dried. Stock solutions of metal ions of different concentrations in aqueous and aqueous-acid-organic solvent were also prepared. In general nitric (55%) and hydrochloric acids (35%) were obtained from Merck. Dowex HYRW 2 -Na Polisher (Chemical Process Co., Red-Wouk City, USA) was washed with ethanol, 0.5 M/l HCl solution and distilled water respectively to be neutralized, dried for 4 h at 40-50°C. The exchange capacity of the resin was 3.92 mequiv./g dry resin H + -form as determined by weight titration with standardized NaOH (Vogel, 1966) .
Determination of various elements
The elements investigated were determined by volume using EDTA-di-sodium salt as the titrant. The solutions were diluted as required to obtain standard solutions containing 0.01-1.0 mol of metal ions. About 100 ml of metal solution in the presence of desired acid concentrations and organic solvents was taken in reagent bottles of 100 ml capacity, known amounts of 1.0 g resin was added separately in 50 ml of the above solutions. The solutions were then agitated for a predetermined period at 25°C in a shaking incubator (Model Jeio Tech SI-900R). The resin was separated and the filtrate was analyzed by titration with EDTA. Adsorption studies were carried out with different concentrations of metal ions or HNO 3 and/or HCl solutions in the presence of solvents while maintaining the dry resin dosage at 1.0 g in order to correct any adsorption of metal ions on the container surface, control experiments were carried out without resin. It was found that there was no adsorption by the container walls. In addition, all mixing containers were kept sealed throughout the duration of each test to minimize dissolution of gaseous species in the atmosphere.
One millilitre solution of the metal ions was taken and diluted with cooled de-ionized water on the basis of analysis of chemical composition. Murexide indicator was used for Cu(II) at pH 8. Eriochrom Black T for Mg(II) and Zn(II) ions; while for Mn(II) and Pb(II) ions were analyzed in the presence of triethylamine indicator with two granules of NaOH and tartaric acid solution with hexamine indicator at pH 10. Dilute HNO 3 solution with hexamine indicator for Cd(II) at pH 10 and sulphosalicylic acid for Fe(III) (Hellferich, 1962) .
Determination of partition coefficients
The batch distribution coefficient K d , is defined by the following equation (Erdem et al., 2004) :
equiv metal on resin=g of dry resin m:equiv metal on soln: 1 ml of dry resin
Column operation
An aqueous solution of the metal ions concentrations had been immersed with a medium selected for separation in which one of the metals has a very high partition coefficient and the other one should be very low one. A glass column, with stopcock, of 50 cm long and 1.2 cm diameter was used. A small amount of glass wool was placed at the end of the column near to the stopcock. The solution inside the column maintains upper surface of the resin to ensure air bubble between particle gels. Feed and outlet samples were collected in periodical to measure the concentrations of each metal ion, similar to the previous researches Ahlawalia, 1966, 1967; Aboul-Magd et al., 1988) .
Results and discussion
Effect of metal ion concentrations
The effect of Mg(II), Cu(II), Cd(II), Fe(III), Mn(II), Zn(II) and Pb(II) ion concentrations on the sorption uptake on Dowex HYRW 2 -Na Polisher has been investigated in the range from 1.0 · 10 À2 to 1.0 M in pure aqueous medium and at constant v/m equal to 50 ml/1 g dry resin. Fig. 1 shows that the metal (NO À 3 -form) concentration determines that the partition coefficient (the uptake of metal ion per gram dry resin) process decreased with the decrease of the metal concentration as expected. It also indicates that the maximum values of sorption capacity of adsorption with metal ion were observed by the resin at initial metal concentration. This behavior is expected because may be due to two reasons, for a fixed initial solute concentration, increasing the adsorbent doses providing greater surface area or adsorption sites (Erdem et al., 2004) ; and/or the ratio of a number mole of metal ion to the available exchange capacity is lower and consequently the fractional metal ion will not cover all resin's exchange capacity. From this point, the higher removal had marketable by small amount of resin to ensure efficient economical. This behavior of an removing of metal ions from solution by resin was earlier observed by Ahlawalia, 1966, 1967; Aboul-Magd et al., 1988; Sterolow, 1960) . These results also clearly indicated that the removal efficiency would decrease with metal ions beyond the level of very dilute solution therefore, the efficiencies of separation are very difficult and negligible.
It is apparent that the amount of exchanges of metal ion per unit mass decreased by increasing of the metal ion concentration and the retention of metal ions increased with the increasing of resin's exchange capacity ratio. The lowering of the K d values for these metal ions with the increasing of metal ion concentrations are probably due to the relative amount of ion pairing shown by the inspection of the activity coefficients of these metal ion-salts Ahlawalia, 1966, 1967) .
Effect of acid concentrations
Investigations with respect to the influence of nitric acid on the sorption of metal ions show that the sorptions of metal ions are affected greatly with increasing the acid concentration (Fig. 2 ). An increase in acid from 0.01 to 3.0 M considerably lowers the partition coefficient values, this change can be explained as the ability of the element to form negatively charged ions increases. The respective absorption value proceeds according to the following order of the total molars solution 0.01 > 0.1 > 0.3 > 0.5 > 0.7 > 1.0 > 2.0 > 3.0 M. This effect is different from metal to metal depending on the stability of the dominant acido-complex species in the condition concerned. Such effect generally means that the acidity group competes more effectively in the exchange sites as nitric acid concentration increases and the activity coefficient, which it is increases with decreasing concentration (0.01-3.0 M) (Phillips et al., 2007) . Table 1 shows that the partition values tend to be lower in hydrochloric acid than in nitric acid. This difference varies from element to element and may be due to the competitive effect of the chloride ion as strong coordinated to that of the nitrate ion. It is therefore important to optimize the acid concentrations in order to obtain best separations or to give a good variation of the partition coefficients for the elements (Cotton and Wilkinson, 1980; Korkisch and Klakil, 1964) .
Effect of organic solvents
Results for partition coefficients in different proportions of THF, DMSO, isopropyl alcohol and acetone in presence of nitric and hydrochloric acids at 0.1, 0.5, 1.0 and 3.0 M solutions have been investigated and are shown in Tables 2-5.
In HNO 3 -THF media
The absorption coefficient is found increased for metal ions (except Mg(II)) in presence of THF. At a certain concentration of HNO 3 (1.0 and 3.0 M), the partition of Mg(II) ions increases somewhat with THF addition in water. In general, the absorption of elements decreases with increasing of the acid concentration, and leads to in some cases to zero values. The partition coefficient for such elements Mg(II), Mn(II), Fe(III), Cu(II), Zn(II), Cd(II) and Pb(II) has been found higher at aqueous-0. (Cotton and Wilkinson, 1980) . Also a review on such media has been published (Janauer et al., 1971 ) at a media of 20% THF and 3.0 M HNO 3 . Table 2 showed a wide variation in the behavior of the partition coefficient in the THF-HCl media as compared to that of THF-HNO 3 media. The investigation that took place over the cation exchanger on Dowex 50-X8 in THF (Fritz and Rettig, 1966) was similar to that of the Dowex HYRW 2 -Na Polisher. 
In case of DMSO-HNO 3 media
The adsorptions of all metal ions are similar in behavior because their distributions are very high. Nevertheless, these absorption values are still high so no rapid separations for these elements from each other is allowed, i.e., the differences in their partition are not allowed to the possibilities at low percent of DMSO or at high nitric acid concentration of clear-cut separation. Analogous trends and unfavorable conditions exist in 0.5 M HNO 3 -DMSO media: a gradual decrease in adsorption behavior with a gradual increase of acid concentrations is observed due to probably the formation of nitrate-complexes. In 3.0 M HNO 3 solution, a similar trend is found to that at 0.1 M but with lower K d -values, this behavior can be attributed to the stability of the formation of negatively nitrate complexes. This observation is similar to that has been reported (Aboul-Magd et al., 1988) . In Table 3 it is shown that Cd(II), Cu(II) and Fe(III) ions have an enhanced complex formation and that will be preventing the sorption of the metal ions by the resin at 1.0 M HCl-DMSO media. While, the elements of Mg(II), Mn(II) and Zn(II) ions show a retention on the cation exchanger which indicated that the complex formation is not important in these media. The K dvalues for Cd(II), Mn(II) and Mg(II) are increased or decreased with Cu(II) and Fe(III) ions with the addition of DMSO in water solution. A review on this subject has been published by Ahlawalia (1966, 1967) , AboulMagd et al. (1988) , Sterolow (1960) , Cotton and Wilkinson (1980) , Korkisch and Klakil (1964) and Janauer et al. (1971) . On the other hand, Zn(II) ion shows no change in the K d -values; it is still constant over the entire range of DMSO systems however with lower adsorption has been reported at 3.0 M HCl, i.e., a gradual decrease in the K d -values with increasing of acid concentrations.
In case of isopropyl alcohol-HNO 3 media
Preliminary investigations of the influence of isopropyl alcohol on the adsorption of Cu(II) on Dowex HYRW 2 -Na Polisher. Cu(II) ions are not determined because an insoluble matter has been observed at isopropyl alcohol-1.0-3.0 M HNO 3 solutions. Cu(II) ion may be reduced to Cu(I) ions and reacts with isopropyl alcohol to give a bright yellow insoluble polymer compound in the present form (CUOR) complexes and reasonable stable. (Cotton and Wilkinson, 1980) . For this reason isopropyl alcohol is a better organic solvent for separating copper from other metal ions by cation exchanger ion column chromatography. At isopropyl alcohol concentration corresponding to 10%, 20%, 30% and 40%-3.0 M HNO 3 solutions, Fe(III) and Mn(II) have a higher adsorption but show practically identical behavior so that separations are impossible. In general, the sorption behavior with isopropyl alcohol solution in hydrochloric acid is similar to the previous other solvents with nitric acid solution. Table 4 indicates the adsorption behavior of metal ions in isopropyl alcohol-HCl media can be divided into different groups, at constant acidity of HCl 0.1 M. One group of metal ions is increased with increasing of solvent, such as Mg(II), the other group of metal ions could not be determined with Pb(II) ion, and finally Mn(II), Fe(III), Zn(II) and Cd(II) ions show no change in K d -values with the increase in isopropyl alcohol concentration. However the sorption of metal ions decreases rather strongly with increasing concentration of HCl, i.e., an increase in HCl concentration from 0.1 to 3.0 M considerably lowers the sorption which tends to be zero for Cd(II), Zn(II), Fe(III), Mn(II) and Mg(II). This change becomes more pronounced as the ability of the elements to form negatively charged ions increases (chiefly negative halo-complexes) ( Sterolow, 1960; Cotton and Wilkinson, 1980; Korkisch and Klakil, 1964; Janauer et al., 1971; Fritz and Rettig, 1966) . 3.3.5. In case of acetone-HNO 3 media In partly non-aqueous solutions of nitric acid concentration in the cation exchanger; there are two factors that are causing an increase or decrease in the value of partition coefficients. The first one is an increase in nitric acid concentration while, the second one is an increase in the proportion of acetone by volume in the aqueous solutions. In general, the results of measurement of the partition coefficients of various elements in nitric acid are found to be the same as that observed in previous organic solvents. Therefore, no separation of the elements employed is possible in nitric acid-acetone systems.
3.3.6. In case of acetone-HCl media Table 5 shows that the differences of the K Table 5 . The large decrease in adsorption by the resin has been shown at high hydrochloric acid concentration for most of elements reach to zero values of K d this is attributed to the formation of chlorides-complexes, which are less held strongly by the resin. The mechanism of the adsorption is based on the chelating between the metal ion and the chelating group of the sulfonated agent in the located resin. The absorption of the chelating agent on the resin is based on both mainly, the exchange and partly molecular adsorption. Therefore, the adsorption of the chelating agent molecule took place by the aid of its chelating group. Such organic solvents, nitric or hydrochloric acids have been taken into consideration (Cotton and Wilkinson, 1980; Fritz and Rettig, 1966; Badawy et al., 2009) . However, in the process of the adsorption of metal ion, the chelating group must be free from the resin matrix to form metal legend in the resin phase. Moreover, it might be predicted that not all the chelating groups present in the loaded resin were available for total adsorption. This prediction is proved by the fact that the total adsorption is expected from the values of the total loaded amount of chelating agents as previously presented in Tables 2-5.
Separation techniques
The prepared resin column is 50 cm long and 1.2 cm diameter. It was first washed with 0.05 M HCl or nitric acids and then with de-ionized water several times till neutral. A mixture of Fe(III) with K d -zero and Zn(II) with K d -51.67 solutions in 20% (v/v) tetra hydro furan-1.0 M HCl with an equal amount of an equivalent resin was taken. Sixty millilitres of the mixture, described before, was then passed through the column at flow rate of 0.3 ml/min. This volume is enough quantitatively to elute out Fe(III). Zn(II) was next eluted with 90 ml of 2.0 M HCl solution. The concentration of Fe(III) and Zn(II) were determined volumetrically with EDTA using suitable indicators. Table 6 shows that the elution percent for the separation of Fe(III) and Zn(II); taken in an amount 36.5 mequiv. (98%) and 27.8 mequiv. (97%), respectively (Fig. 3) . The same procedure was used for the separation of Cu(II) and Zn(II) ions as presented in Fig. 4 . For the separation of Cu(II), 10% (v/v) dimethyl sulphoxide-1.0 M HCl is used, whereas for Zn(II), 2.0 M HCl solution only was enough for its separation. Table 6 shows that the elution percent for the separation of Cu(II) and Zn(II); taken in an amount 32.2 mequiv. and (93%) in case of Cu(II) and 35 mequiv. and (96%) in case of Zn(II) (Aboul-Magd et al., 1988; Sterolow, 1960; Cotton and Wilkinson, 1980; Korkisch and Klakil, 1964; Janauer et al., 1971; Fritz and Rettig, 1966; Badawy et al., 2009) .
Conclusion
In this study, the effects of parameters such as effect of acid concentrations, metal ion concentrations, organic solvents in different proportions and partition coefficients studies have been investigated. The work evaluates the effect of nitric and hydrochloric acids in different concentrations in presence of DMSO, THF, isopropyl alcohol and acetone for removing pollutant elements such as Fe(III), Cu(II) and Zn(II) for the metal ions which were determined at room temperature by using Dowex HRWX 2 -Na Polisher resin. The partition coefficients would be useful for developing an appropriate technology for designing a wastewater treatment. Detailed studies will be needed for further evaluation of ion exchange resin in the treatment of the legacy of the factories that are thrown in rivers.
